Single Molecule FRET Studies of the DNA Mismatch Repair Protein MutSα using Specific Labeling with Unnatural Amino Acids  by Sacho, Elizabeth J. & Weninger, Keith R.
282a Monday, February 27, 2012nucleotide selection - open, closed and an intermediate ‘‘ajar’’ conformation. A
correct nucleotide ‘‘smoothly’’ passes through the intermediate ajar check-
point to the closed state, while an incorrect nucleotide is ‘‘detained’’ at the
check-point and rejected. Our results also reveal pronounced differences in
the kinetic stability of the Pol-DNA complex in the presence of correct or in-
correct nucleotides. A three-state reaction pathway in nucleotide selection as
we present here further unravels a high fidelity phenomenon, distinctive of
DNA polymerases. Supported by NIH grant GM044060.
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The enhancement of protein-DNA interactions in the presence of glutamate
salts has been observed in numerous studies and has often been called ‘‘the glu-
tamate effect’’. Klenow and Klentaq are the large fragment domains of the
Type I DNA polymerases from E. coli and Thermus aquaticus, respectively.
Our lab has previously characterized the enhancing effect of potassium gluta-
mate (KGlu) on the the binding affinities of these polymerases to DNA versus
that of potassium chloride (KCl). In this project, we investigate the effect of
KGlu on the overall functionalities of Klenow and Klentaq.
Replacing KCl with KGlu in the reaction buffer for the polymerase chain reac-
tion (PCR) results in a significant increase in the quantity of replication product
at low salt concentrations (< 200mM). Neither of the two salts yield PCR prod-
uct at salt concentrations higher than 200 mM. The nucleotide incorporation
rates of the two polymerases on activated calf thymus DNA was also investi-
gated in the presence of increasing amounts of KCl and KGlu. Both enzymes
exhibit higher polymerization activities in KGlu relative to KCl up to
400mM salt. Above 400mM salt, nucleotide incorporation activity decreases
in both salts; however, activity in KGlu remains higher than activity in KCl
at all salt concentrations. It is thus found that the ‘‘glutamate effect’’ on poly-
merase binding carries over into polymerase activity at lower salt concentra-
tions (< 500mM), while the osmotic effects of glutamate on polymerase
binding at higher concentrations (> 1M) appears unrelated to nucleotide incor-
poration activity. Ongoing work includes examining the effects of KGlu versus
KCl on the melting temperature of duplex DNA, and use of real-time PCR to
more fully characterize the functional enhancement effect of glutamate in the
overall DNA replication reaction. This work is supported by the NSF.
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The RecA nucleoprotein filament formed on double-stranded (ds) DNA ex-
hibits a functional state comparable to the state observed during active DNA
strand exchange. By stretching short DNA of only a few hundreds base pairs,
we observed high-resolution saw-tooth dynamics of RecA polymerization
and de-polymerization on a single dsDNA molecule that was unable to be
seen in previous single-DNA stretching experiments when much longer DNA
was used. Novel saw-tooth fluctuation of the nucleoprotein filament was ob-
served, allowing us to monitor the real time competition between RecA on
and off DNA strands driven by the ATP-hydrolysis at a nanometer resolution.
Based on the dynamics, we investigated how several critical factors, including
temperature, pH, ionic strength, salt (potassium, magnesium and calcium),
DNA structure (B-DNA, S-DNA, DNAwith 30 or 50 overhang), ATP hydrolysis
(ATP, ATPys, and ADP), regulated the nucleation, polymerization, and the dy-
namic stability of the RecA nucleoprotein filament. In addition to providing
a more comprehensive understanding on formation and dynamic stability of
RecA nucleofilament on dsDNA, this research may shed light on understanding
how RecA performs its strand-exchange function on DNA in vivo by tuning
some critical factors important to the stability of RecA nucleoprotein filament.
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Mutations to proteins involved in DNA mismatch repair (MMR) have been
linked to hereditary colorectal cancer. Understanding the mechanism by which
these proteins participate in repair (and how these mutations inactivate the re-
pair pathway) is key in furthering our understanding of cancer.
We seek to understand the mechanism behind the initiation step of mismatch
repair in eukaryotes: binding of MutSa (Msh2 - Msh6) to mismatched DNA.Following mismatch recognition, MutSa then starts a signaling cascade that
ultimately leads to repair. Despite knowing that mismatch recognition by
MutSa is responsible for initiating repair, the mechanistic steps remain
a mystery.
We are using single molecule FRET to study the protein:DNA interactions in-
volved in MutSa initiation of MMR. FRET pairs attached to the DNA reveal
dynamic bending of DNA by MutSa. In other experiments we want to use sin-
gle molecule FRET between dyes attached to the damaged DNA and dyes on
MutSa - which requires site-specific labeling of the protein. Towards that
end, we report progress using unnatural amino acid labeling approaches.
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RecA is an essential enzyme for the repair of DNA double-strand breaks by ho-
mologous recombination. The repair requires the formation of a RecA nucleo-
protein filament, in which ATP and DNA are known to promote each other’s
binding to RecA. The RecA filament exists in two distinct conformations:
a wide and compressed ‘‘inactive’’ conformation in the absence of DNA, and
a narrow and extended ‘‘active’’ conformation in the presence of ATP and
DNA. The inactive conformations share similar crystal structures, although bi-
ochemically only the ATP-bound state has a high DNA binding affinity. Our
molecular dynamics (MD) simulations on inactive RecA filament reveal that
upon ATP binding, only parts of the RecA filament adopt active-like conforma-
tions. During the simulations, the DNA binding loops assemble into an arrange-
ment optimal structure for binding of extended ssDNA, i.e., similar to the active
ssDNA-RecA state. However, the overall structure remains in its inactive form.
This suggests that the ATP-bound RecAmight be an intermediate state between
the inactive apo-RecA and active ssDNA-RecA states. This intermediate shows
overall compressed inactive conformation, with key loops in extended active-
like conformation. In order to study the cooperativity between DNA and ATP,
we have also performed MD simulations on nucleoprotein filament, showing
that the ATP-bound state is able to maintain the organized DNA binding loops
both with and without ssDNA. However, in the absence of ATP, the DNA bind-
ing loops tend to lose their organized arrangement rapidly once the DNA is re-
moved, a process which is followed by the overall conformational changes of
the protein.
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The maintenance and stability of the genetic material of the cells is of vital sig-
nificance. It is fulfilled by the associates of specific proteins and DNA com-
plexes that recognize and repair the DNA damages. Rad51 is a protein that
plays key role in the homologous recombination process of human cells.
This is initiated by the unspecific filament formation of the self-associates of
Rad51 around single stranded DNA overhangs at double strand breaks. The
protein was shown to form circular self associates by itself in solution that
are thought to be the precursors of filament formation. In this study a method
was elaborated to characterize the protein-protein interaction in the ring-like
self-aggregates and in ssDNA-bound filaments of Rad51. Ring-like self-aggre-
gates were detected by dynamic light scattering and AFM. The fluorescence
emission of the hydrophobic fluorescence probe ANS, bound to the protein,
was measured under pressure to monitor DNA binding and the dissociation
of the protein association forms [1]. An increase of ANS fluorescence was de-
tected in function of pressure that was attributed to the dissociation of protein
interfaces. The strength of interface interactions was characterized by the spe-
cific pressure of dissociation. The method was used to study the effect of DNA
binding, and structural modification of the N-terminal site/DNA binding do-
main by His-tagging. It was shown that there is allosteric communication be-
tween the inter-monomeric interfaces and the site of DNA binding. The
effects found on Rad51 aggregates were compared to the pressure-induced dis-
sociation of Hemoglobin tetrameric interfaces [1], and it was concluded that the
interactions at the protein interfaces are definitely less specific in the case of
wild type hsRad51 than in Hb.
The authors acknowledge support from OTKA-K-84271 and from TA´MOP-
4.2.1/B-09/1/KMR-2010-0001.
[1] Schay et al. (2006) JBC, 281/36 25972-25983.
